INTRODUCTION
Metamaterial is a composite material that is engineered to exhibit specific characteristics not found in nature [1] , [2] . In microwave engineering, metamaterial is a material that exhibiti non-naturally occurring charateristics at its resonant frequency. The metamaterial ability in manipulating the electromagnetic behaviour is very useful to optimize the performance of the Radio Frequency (RF) and microwave devices, simultaneously adding the flexibility in designing the devices. Some examples of metamaterials are split ring resonators [3] , double negative materials , metamaterial lens and absorber, and electromagnetic band gap (EBG) [4] - [6] .
EBG is a metamaterial which exhibit band gap charateristics, in phase reflection [7] and high impedance surface. Band gap characteristic of an EBG is a region at which electromagnetic wave (EMW) of designated resonant frequencies are suppressed from passing through it while the remainder EMW of other frequencies can pass through. The band gap is represented by S 21 parameter which is expressed in decibel (dB) scale. In phase reflection is another distinguished charatericstics at which the EBG exhibit as perfect magnetic conductor (PMC) at the designated frequency. At this frequency, the EBG induces reflected current of EMW in the same phase as the source current. Due to PMC is not naturally existed, EBG that exhibit the PMC characteristic is called as Artificial Magnetic Conductor (AMC). Apart from that, EBG also exhibit real high impedance at its resonant frequency and sometimes referred as High Impedance Surface (HIS). In our research, the band gap characteristics of EBG is utilized.
Reconfigurable antenna is an antenna that can change its properties to fulfilled the ever-changing requirement in wireless communication services (WCS) [8] . The examples of reconfigurable properties of the antenna are frequency, radiation pattern, and polarization. Typical realizations of reconfigurable antennas are 2558 by implementing the reconfigurable mechanism on the radiating part or on the feeding lines to the antenna. Frequency reconfigurable antenna reduces the potential for interference among wireless communication service that operate at similar frequencies by turning off the unused operating frequency. With interference reduces, the quality of services can be optimized in wireless environment.
In this paper, a dual band to wide band reconfigurable antenna with the use of EBG unit cells is proposed. The antenna is operated at dual band frequency of 1.8 GHz and 5.2 GHz while wideband from 1.6 GHz to 2.37 GHz. By manipulating the state of the EBG unit cells, the band gap is varied which subsequently changing the operating frequency of the antenna. The design of the pentagon-shaped patch antenna only required two EBG unit cells for the reconfigurable mechanism. Antenna is suitable for Cognitive Radio (CR), Long Term Evolution (LTE), Wireless Fidelity (Wi-Fi) and Worldwide Interoperability for Microwave Access (WiMAX) [9] , [10] .
ELECTROMAGNETIC BAND GAP (EBG) UNIT CELL
EBG and antenna is designed on low cost FR4 dielectric with thickness, dielectric constant, loss tanget and copper thickness of 1.6 mm, 4.39, 0.019 and 35 µm. Figure 1 (a) and Figure 1 (b) shows the front and back view of the two EBG unit cells respectively. The EBG at the front side is connected to the ground plane at the back (opposite) side of the subtrate by means of vias. Vias is a shorting pin from the EBG unit cells to the ground. S0 and S1 in Figure 1 (b) is the connection from the two VIAS to the ground. Both S0 and S1 are either simultaneously turn ON or OFF, which are S0S1 = 11 or S0S1 = 00 respectively. OFF and ON state is represented by 0 and 1 respectively. Figure 2 shows the band gap changes with respect to changes in EBG state of S0S1. When EBG state is configured to S0S1 = 00, the band gap of the EBG is appeared at the lower band of 2.31 to 2.5 GHz. Band gap at 5.37 GHz to 5.95 GHz is appeared when S0S1 =11. 
ANTENNA DESIGN
A single patch antenna on dual substrate layer is designed and to be incorporated with the EBG to realize a frequency reconfigurable antenna. The antenna designed is separated into two cases: ideal and active case. Firstly, the design of antenna incorporated with ideal EBG is discussed. In ideal case, the OFF and ON of the EBG state is varied by removal and connection of copper strips. Subsequently, antenna incorporated with active EBG is discussed.
Ideal case
In ideal case, the EBG state of of 00 and 11 is reconfigured using copper strips. The copper strip is considered as a perfect switch as the removal and connection provide ideal OFF and ON condition of the EBG. Copper is a good conductance (ON) as conductor whereas removal of copper strip is a good insulator (OFF). Figure 3(a) shows the pentagon-shaped patch antenna on the top FR4 layer. The EBG unit cells are located on the front side of bottom Fr4 layer. Figure 3 
Active case
In practical, the reconfigurable antennas are required to reconfigured electronically. Therefore, the use of copper strips is only serve as proof of concept while active switches are needed to realize a functional reconfigurable antenna for practical use. Figure 4 
FABRICATION AND MEASUREMENT
The antenna for ideal case is then fabricated as shown in Figure 6 (a)-(d). Figure 6(a) shows the fabricated EBG unit cell which is at the front view of the bottom substrate layer. The via is realized using Platet Through Hole (PTH). Figure 6(b) shows the radiating patch of the antenna while Figure 6 (c) and Figure 6(d) is the back view of the bottom FR4 layer with EBG state of 00 and 11 respectively. The antenna is fabricated and measured to compare its performance with the simulated ones. Vector Network Analyzer (VNA) is the measurement device use to take reading of reflection coefficient, S 11 of the antenna. Figure 7 (a) to Figure 7(d) shows the reflection coefficient, S 11 of the antenna incorporated with EBG of varied state (00 or 11). Figure 7 (a) and Figure 7(b) shows the S 11 result at the lower and upper band respectively, when the EBG state is 00. As observed from Figure 7(a) , the antenna successfully operates at 1.8 GHz for all three cases of ideal (simulation), active (simulation) and ideal (measurement). In Figure 7(b) , the antenna is successfully operated at 5.2 GHz for simulation of both ideal and active case. However, the measured result is shifted to the right. This could be due to the imperfection in human error while in fabrication stages, and misalignment that could be occurred between the printed design of multi substrate layer. Any deviation in fabrication affect upper frequencies greater than the lower frequencies due to smaller wavelength of the upper frequency. Small changes in dimension would adversely affect the upper frequency as opposed to the operation at the lower frequency region. Figure 7 (c) and Figure 7(d) shows the S 11 result at the lower and upper and respectively, when the EBG state is 11. The antenna is successfully operated at wide bandwidth at lower region of 2.3 GHz as shown in Figure 7 (c). However, the bandwidth of the measured one is narrow from simulation of both ideal and active case. At the upper region, as shown in Figure 7(d) , the antenna is not operated at 5.2 GHz as desired. Table 1 shows the summary of the S 11 of all cases. Figure 8 (a) to Figure 8(d) , show the simulated radiation pattern at 1.8 GHz and 5.2 GHz when the EBG is incorporated with the antenna at the EBG state of 00. Figure 9 (a) to Figure 9(d Figure 6 . Antenna reflection coefficient, S11 at (a) lower and (b) upper band with EBG State "00". Antenna reflection coefficient, S11 at (c) lower and (d) upper band with EBG state "11" 
RESULT AND DISCUSSION

CONCLUSION
A dual band to wideband reconfigurable pentagon-shaped antenna with EBG unit cell is proposed. By varying the state of the EBG the antenna is capable to change its dual band operation to wideband alternately. The dual band operation is at 1.8 GHz and 5.2 GHz while wide band from 1.6 GHz to 2.37 GHz (770 MHz). The proposed reconfigurable antenna is suitable to be implemented for LTE (1.6 GHz), Wi-Fi (5.2 GHz), WiMAX (2.3 GHz) and cognitive radion application.
